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DYNAMIC HEAD SWITCH TIMING RECALIBRATION 
APPARATUS AND METHOD 



Cross Reference to Related Applications 



This application claims the benefit of United States Provisional 
10 Application Number 60/445,316, filed February 5, 2003, entitled "Field 
Head Switch Timing Recalibration." 



Field Of The Invention 



15 The present invention relates generally to dynamic head switch 

timing in disc drives. More particularly, the present invention relates to an 
apparatus and method for performing dynamic head switch timing 
recalibration by resetting the head switch time between all surfaces of the 
disc drive to the center of an address marker detect search window when it 

20 is determined that the disc drive has missed a predetermined number of 
address markers during a head switch. 



Background of the Invention 



25 Disc drives are commonly used in workstations, personal 

computers, laptops and other computer systems to store large amounts of 
data in a form that can be made readily available to a user. In general, a 
disc drive comprises a magnetic disc that is rotated by a spindle motor. 
The surface of the disc is divided into a series of data tracks. The data 

30 tracks are spaced radially from one another across a band having an inner 
diameter and an outer diameter. 
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Each of the data tracks extends generally circumf erentially around 
the disc and can store data in the form of magnetic transitions within the 
radial extent of the track on the disc surface. An interactive element, such 
as a magnetic transducer, is used to sense the magnetic treinsitions to read 
5 data, or to transmit an electric signal that causes a magnetic transition on 
the disc surface, to write data. The magnetic transducer includes a 
read/ write gap that contains the active elements of the transducer at a 
position suitable for interaction with the magnetic surface of the disc. The 
radial dimension of the gap fits within the radial extent of the data track 

10 containing the transitions so that only transitions of the single track are 
transduced by the interactive element when the interactive element is 
properly centered over the respective data track. 

The magnetic transducer is mounted by a head structure to a rotary 
actuator arm and is selectively positioned by the actuator arm over a 

15 preselected data track of the disc to either read data from or vsrrite data to 
the preselected data track of the disc, as the disc rotates below the 
transducer. The actuator arm is, in turn, mounted to a voice coil motor that 
can be controlled to move the actuator arm across the disc surface. 

A servo system is typically used to control the position of the 

20 actuator arm to insure that the head is properly centered over the magnetic 
transitions during either a read or write operation. In a known servo 
system, servo position information is recorded on the disc surface between 
written data blocks, and periodically read by the head for use in a closed 
loop control of the voice coil motor to position the actuator arm. Such a 

25 servo arrangement is referred to as an embedded servo system. 

In modern disc drive architectures utilizing an embedded servo, 
each data track is divided into a number of data sectors for storing fixed 
sized data blocks, one per sector. Associated with the data sectors are a 
series of servo sectors, generally equally spaced around the circumference 

30 of the data track. The servo sectors can be arranged between data sectors 
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or arranged independently of the data sectors such that the servo sectors 
split data fields of the data sectors. 

Each servo sector contains magnetic transitions that are arranged 
relative to a track centerline such that signals derived from the transitions 
5 can be used to determine head position. For example, the servo 

information can comprise two separate bursts of magnetic transitions, one 
recorded on one side of the track centerline and the other recorded on the 
opposite side of the track centerline. Whenever a head is over a servo 
sector, the head reads each of the servo bursts and the signals resulting 

10 from the transduction of the bursts are transmitted to a microprocessor 
within the disc drive for processing, for example. 

When the head is properly positioned over a track centerline, the 
head will straddle the two bursts, and the strength of the combined signals 
transduced from the burst on one side of the track centerline will equal the 

15 strength of the combined signals transduced from the burst on the other 

side of the track centerline. The microprocessor can be used to subtract one 
burst value from the other each time a servo sector is read by the head. 
When the result is zero, the microprocessor will know that the two signals 
are equal, indicating that the head is properly positioned. 

20 If the result is other than zero, then one signal is stronger than the 

other, indicating that the head is displaced from the track centerline and 
overlying one of the bursts more than the other. The magnitude and sign 
of the subtraction result can be used by the microprocessor to determine 
the direction and distance the head is displaced from the track centerline, 

25 and generate a control signal to move the actuator back towards the 
centerline. 

Each servo sector also contains encoded information to uniquely 
identify the specific track location of the head. For example, each track can 
be assigned a unique number, which is encoded using a Gray code and 
30 recorded in each servo sector of the track. The Gray code information is 
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used in conjunction with the servo bursts to control movement of the 
actuator arm when the arm is moving the head in a seek operation from a 
current track to a destination track containing a data field to be read or 
written. 

5 The head structure also includes a slider having an air bearing 

surface that causes the transducer to fly above the data tracks of the disc 
surface due to fluid currents caused by rotation of the disc. Thus, the 
transducer does not physically contact the disc surface during normal 
operation of the disc drive to minimize wear at both the head and disc 

10 surface. The amount of distance that the transducer flies above the disc 
surface is referred to as the "fly height." By maintaining the fly height of 
the head at an even level regardless of the radial position of the head, it is 
ensured that the interaction of the head and magnetic charge stored on the 
media will be consistent across the disc. 

15 A disc drive is usually made up of multiple discs, or platters, each of 

which uses two heads to record and read data, one for the top surface of 
the platter and one for the bottom surface of the platter. The heads that 
access the platter surfaces are locked together on an assembly of rotary 
actuator arms. As a result, all the heads move in and out together so that 

20 each head is always physically located at the same track number. 

Because of this arrangement, often the track location of the heads is 
not referred to as a track number but rather as a cylinder number. A 
cylinder is the set of all tracks that all the heads are currently located at. 
For example, if a disc drive has four platters, it would have eight heads, 

25 and cylinder number 400, for example, would be made up of the set of 
eight tracks, one per platter surface, at track number 400. 

Each cylinder contains a number of tracks, each accessible by one of 
the heads on the drive. To improve efficiency, the disc drive will normally 
use all of the tracks in a cylinder before going to the next cylinder when 

30 doing a sequential read or write since this saves the time required to 
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physically move the heads to a new cylinder. Switching between heads 
within a cylinder requires a certain amount of time, called the head switch 
time. This is usually less than the track switch time, and is usually on the 
order of 100 microseconds to 1 millisecond. 

5 The head switch time is calibrated during the initial certification 

process of the disc drive. That is, when the disc drive is manufactured, a 
certification process is performed in which firmware is loaded into the disc 
driver and various tests are performed on the disc drive to optimize its 
performance. It is during this certification process that the head switch 

10 timing is measured at different locations on the discs so that the disc drive 
will know how to adjust the timing before any head switch is performed. 
This assures that no address mark, i.e. a timing reference that identifies the 
beginning of a servo sector, will be missed during a head switch and that 
the driver will always know which servo sector it is on. 

15 The address mark is the basis for timing the detection of the other 

fields of a servo sector, including the Gray code and positioning bursts. 
Thus, an address mark (AM) detect search window is established for the 
disc drive which indicates a period of time in which an address mark is 
expected to be detected. This AM detect search window needs to be kept 

20 small so that the probability of a false detection of an AM is kept to a 

minimum. This means that the variation in timing seen when doing a head 
switch must be kept small. 

Recently it has been discovered that the head switch timing can 
change considerably from the head switch timing measured during the 

25 certification process due to external influences on the disc drive. For 

example, external forces on the disc drive, such as during mounting of the 
disc drive in a computing device, may cause flexing of the base plate of the 
disc drive such that the disc drive is distorted from the state it was in 
during the certification process. In addition, some disc drives are 

30 susceptible to temperature variations which may also cause the base plate 



6 



Docket Number STL11223 



of the disc drive to distort. Such distortions cause the timing of the disc 
drive to be off from the optimized timing determined during the 
certification process. 

In order to compensate for such distortions in timing, the AM detect 
search window could be increased so that the likelihood that an AM is 
missed is reduced. However, increasing the AM detect search window 
increases the likelihood of a false detection of an AM. Moreover, the AM 
detect search window would need to become excessively large to cover all 
of the variation that would be seen by the disc drive due to external factors 
and thus, false detection of an AM would almost be certain. 

The present invention provides a solution to this and other 
problems, and offers other advantages over previous solutions. 

Summary of the Invention 

The present invention provides an apparatus and method for head 
switch timing recalibration. With the apparatus and method of the present 
invention, a determination is made as to whether a difference in a reference 
head switch timing and the head switch timing at a later time is sufficient 
to meet a certain criteria. If the difference meets the criteria, a 
recalibration of the head switch timing is performed. For example, in a 
preferred embodiment, the criteria is a number of address mark (AM) 
misses during a head switch operation. If this predetermined number of 
AM misses is detected, then it is determined that a recalibration is 
necessary since the predetermined number of AM misses is an indication 
that the head switch timing has changed significantly from the reference 
head switch timing. 

In one exemplary embodiment, each head switch operation is 
monitored to determine if a predetermined number of AMs are missed 
sequentially. If a predetermined number of AMs are missed in a row 
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during a head switch, it is most probably due to the AM detect search 
window not opening at the correct time, thereby indicating that there has 
been a change in the timing of the disc drive and that recalibration is 
needed. As a result, a head switch recalibration flag is set. 
5 In this exemplary embodiment, when the host process goes to an 

idle state, the host processor checks the state of the head switch 
recalibration flag. If the flag is set, then a head switch recalibration process 
is executed. In one exemplary embodiment, this recalibration process sets 
the head switch timing between all platter surfaces of the disc drive to the 

10 center of the AM detect search window. The new recalibrated values are 
then checked against the original values obtained through the certification 
process to make sure that a difference between the original values and the 
recalibration values is preferably not more than plus or minus half of a 
servo sector time. If the recalibration values are more than plus or minus 

15 half of a servo sector time from the original values, then a servo sector time 
is either subtracted or added to the recalibration values to bring the 
recalibration value within plus or minus a half of a servo sector time. This 
check makes sure that the head switches will always happen on the same 
AMs that they were set up for during the certification process. Otherwise, 

20 there is the potential for slipping a servo sector during head switching and 
this could cause data integrity issues. 

Once the recalibration is complete, the recalibration values (which 
may or may not have been modified by plus or minus a servo sector time), 
are saved in their own sector of the disc drive. The original values 

25 obtained through the certification process are also maintained in an 

adaptive area of the disc drive so they can be recalled for the comparison 
discussed above. 

The present invention can be implemented as a computer-readable 
program storage device which tangibly embodies a program of instructions 
30 executable by a computer system to perform a head switch timing 
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recalibration method. In addition, the invention also can be implemented 
as a head switch timing recalibration apparatus itself. These and various 
other features as well as advantages which characterize the present 
invention will be apparent upon reading of the following detailed 
5 description and review of the associated drawings. 

Brief Description of the Drawings 

FIG. 1 is an exemplcuy perspective view of an exemplary disc drive. 
FIG. 2 is an exemplary top plan view of the printed circuit board of 
the exemplary disc driver of FIG. 1. 

FIG. 3 is an exemplary diagram of signals transduced from magnetic 
transitions recorded on a data track of a hard disc of a disc drive. 

FIG. 4 is a flowchart outlining an exemplary operation of one 
embodiment of the present invention when determining whether head 
switch timing recalibration is necessary. 

FIG. 5 is a flowchart outlining an exemplary operation of one 
embodiment of the present invention when recalibrating the head switch 
timing. 

Detailed Description 

Referring now to the drawings, and initially to FIG. 1, there is 
illustrated an example of a disc drive designated generally by the reference 
25 numeral 20. The disc drive 20 includes a stack of storage discs 22a-d and a 
stack of read/ write heads 24a-h. In the depicted example, heads are only 
shown on the top surface of each platter of the disc driver for simplicity 
and clarity of the drawing, however, it should be noted that additional 
heads are typically provided for the bottom surfaces of each platter as well. 
30 Each of the storage discs 22a-d is provided with a plurality of data tracks to 
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Store user data. As illustrated in FIG. 1, one head is provided for each 
surface of each of the discs 22a-d such that data can be read from or written 
to the data tracks of all of the storage discs. The heads are coupled to a pre- 
amplifier 31. It should be understood that the disc drive 20 is merely 
5 representative of a disc drive system utilizing the present invention and 
that the present invention can be implemented in a disc drive system 
including more or less storage discs. 

The storage discs 22a-d are mounted for rotation by a spindle motor 
arrangement 29, as is known in the art. Moreover, the read/ write heads 

10 24a-h are supported by respective actuator arms 28a-h for controlled 

positioning over preselected radii of the storage discs 22a-d to enable the 
reading and writing of data from and to the data tracks. To that end, the 
actuator arms 28a-h are rotatably mounted on a pin 30 by a voice coil 
motor 32 operable to controUably rotate the actuator arms 28a-h radially 

15 across the disc surfaces. 

Each of the read/ write heads 24a-h is mounted to a respective 
actuator arm 28a-h by a flexure element (not shown) and comprises a 
magnetic transducer 25 mounted to a slider 26 having an air bearing 
surface (not shown), all in a known manner. As typically utilized in disc 

20 drive systems, the sliders 26 cause the magnetic transducers 25 of the 

read/ write heads 24a-h to "fly" above the surfaces of the respective storage 
discs 22a-d for non-contact operation of the disc drive system, as discussed 
above. When not in use, the voice coil motor 32 rotates the actuator arms 
28a-h during a contact stop operation, to position the read/ write heads 

25 24a-h over a respective landing zone 58 or 60, where the read/ write heads 
24a-h come to rest on the storage disc surfaces. As should be understood, 
each of the read/ write heads 24a-h is at rest on a respective landing zone 
58 or 60 at the commencement of a contact start operation. 

A printed circuit board (PCB) 34 is provided to mount control 

30 electronics for controlled operation of the spindle motor 29 and the voice 
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coil motor 32. The PCB 34 also includes read/ write channel circuitry 
coupled to the read/ write heads 24a-h via the pre-amplif ier 31, to control 
the transfer of data to and from the data tracks of the storage discs 22a-d. 
The manner for coupling the PCB 34 to the various components of the disc 
5 drive is well known in the art, and includes a connector 33 to couple the 
read/ write channel circuitry to the pre-amplif ier 31. 

Referring now to FIG. 2, there is illustrated in schematic form the 
PCB 34 and the electrical couplings between the control electronics on the 
PCB 34 and the components of the disc drive system described above. A 

10 microprocessor 35 is coupled to each of a read/ write control 36, spindle 
motor control 38, actuator control 40, ROM 42 and RAM 43. In modern 
disc drive designs, the microprocessor can comprise a digital signal 
processor (DSP). The microprocessor 35 sends data to and receives data 
from the storage discs 22a-d via the read/ write control 36 and the 

1 5 read/ write heads 24a-h, 

The microprocessor 35 also operates according to instructions stored 
in the ROM 42 to generate and transmit control signals to each of the 
spindle motor control 38 and the actuator control 40. The spindle motor 
control 38 is responsive to the control signals received from the 

20 microprocessor 35 to generate and transmit a drive voltage to the spindle 
motor 29 to cause the storage discs 22a-d to rotate at an appropriate 
rotational velocity. 

Similarly, the actuator control 40 is responsive to the control signals 
received from the microprocessor 35 to generate and transmit a voltage to 

25 the voice coil motor 32 to controllably rotate the read/ write heads 24a-h, 
via the actuator arms 28a-h, to preselected radial positions over the storage 
discs 22a-d. The magnitude and polarity of the voltage generated by the 
actuator control 40, as a function of the microprocessor control signals, 
determines the radial direction and radial speed of the read/ write heads 

30 24a-h. 
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When data to be written or read from one of the storage discs 22a-d 
are stored on a data track different from the current radial position of the 
read/ write heads 24a-h, the microprocessor 35 determines the current 
radial position of the read/ write heads 24a-h and the radial position of the 
data track where the read/ write heads 24a-h are to be relocated. The 
microprocessor 35 then implements a seek operation wherein the control 
signals generated by the microprocessor 35 for the actuator control 40 cause 
the voice coil motor 32 to move the read/ write heads 24a-h from the 
current data track to a destination data track at the desired radial position. 

When the actuator has moved the read/ write heads 24a-h to the 
destination data track, a multiplexer (not shown) is used to couple the head 
24a-h over the specific data track to be written or read, to the read/ write 
control 36, as is generally known in the art. The read/ write control 36 
includes a read channel that, in accordance with modern disc drive design, 
comprises an electronic circuit that detects information represented by 
magnetic transitions recorded on the disc surface within the radial extent of 
the selected data track. As described above, each data track is divided into 
a number of data sectors. 

During a read operation, electrical signals transduced by the head 
from the magnetic transitions of the data sectors are input to the read 
channel of the read/ write control 36 for processing via the pre-amplifier 31. 
The RAM 43 can be used to buffer data read from or to be written to the 
data sectors of the storage discs 22a-d via the read/ write control 36. The 
buffered data can be transferred to or from a host computer utilizing the 
disc drive for data storage. 

With the present invention, the microprocessor 35 monitors head 
switches between heads 24a-h to determine if head switch timing needs to 
be recalibrated for the disc drive 20. That is, during a head switch between, 
for example, head 24a and head 24c, the microprocessor 35 determines if a 
predetermined number of consecutive address marks in the servo sectors 
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of the discs is missed. If a predetermined number of consecutive address 
marks is missed during the head switch operation, then a determination is 
made that recalibration is to be performed. In order to better understand 
the operation of the present invention, it is first beneficial to illustrate an 
5 exemplary signal transduced from magnetic transitions on a disc of a disc 
drive. 

FIG. 3 provides an exemplary diagram of signals transduced from 
magnetic transitions recorded on a typical data track of a disc. The 
diagram shows a first servo sector 310 followed by a data sector 320, which 

10 is in turn followed by another servo sector 330. This pattern of servo 
sectors and data sectors continues for the remainder of the data track 
should the entire data track be read. The servo sectors 310 and 330 are 
identical in format throughout each track and across all of the tracks. Each 
servo sector 310 and 330 is also radially aligned with servo sectors of 

15 adjacent tracks. Each servo sector 310 includes a preamble field 312, an 

address mark field 314, Gray code field 316 and servo bursts 318 of the type 
discussed above for head position control. Because of the radial alignment 
and similar format, the servo sectors 310 and 330 are coherent, i.e., they are 
always present regardless of the radial position of the heads relative to the 

20 disc. 

The preamble field 312 serves as an amplitude reference utilized to 
normalize an adjustable gain amplifier of the type typically found in a disc 
drive read channel. The preamble field 312 comprises a series of dibits (a 
positive peak, followed by a negative peak) and is shown as a sine wave in 
25 FIG. 3. 

The address mark field (AM field) 314 typically comprises an 
absence of transitions or a specific data pattern positioned between the 
preamble field 312 and a first transition of the servo information, i.e. the 
Gray code 316 and the servo bursts 318 (collectively referred to as "servo 
30 information"). Thus, the AM field 314 is detected by monitoring the read 
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channel for a window of silence (no transitions detected; shown as a flat 
signal in FIG. 3) or a specific data pattern. The AM silence or the specific 
data pattern extends for a range of between one to four bytes, followed by 
a first magnetic transition of the Gray code information 316 shown in FIG. 

5 3. The AM field 314 is an asynchronous, absolute timing reference that 
identifies the beginning of a servo sector and provides the basis for timing 
the detection of the other fields of the servo sector, including the Gray code 
316 and positioning bursts 318. 

The Gray code field 316 contains coded information that indicates 

10 the track number where the servo sector is located. This information is 
used to determine the radial position of an actuator during, e.g. a seek 
operation, by providing a unique identification for each data track on the 
respective disc surface. 

The reliability of servo signal detection is a significant concern to 

15 disc drive designers. In order to ensure that the servo sectors are properly 
processed, the AM field 314 must be precisely and reliably detected to 
accurately time the location of the Gray code field 316 and servo bursts 318 
for head track location and centerline position control. The Gray code field 
316 must also be precisely detected for a definitive indication of radial 

20 position. 

To that end, the servo control system looks for the "silence" 
corresponding to the absence of transitions or the precise AM pattern as a 
means for detecting the address mark. This address mark detection is 
performed based on an address mark (AM) detect search window 350. 
25 This AM detect search window 350 identifies a time interval in which an 
AM should be detected. If an AM is not detected within this time interval, 
an AM miss determined to have occurred. Occasionally, an AM miss may 
occur with a properly functioning disc drive. However, when multiple 
consecutive AMs are missed during a head switch, such a condition is 
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illustrative of a need to recalibrate the timing of the disc drive. That is, the 
AM detect search window 350 has shifted out of position. 

As previously discussed, this shift in the AM detect search window 
350 may be due, for example, to external forces applied to the disc drive 
that causes the base plate to flex and distort from its orientation during the 
original calibration process. This is especially true for head switch timing 
in which an added delay is experienced during the switching of processing 
signals from one head to another. 

With the present invention, the microprocessor controller 35 of the 
disc drive monitors all head switch operations to determine if a 
predetermined number, such as three, AMs are missed consecutively 
during the head switch operation. That is, in a preferred embodiment, an 
AM is not detected within three consecutive AM detect search windows 
during the head switch operation. If three AMs are missed consecutively, 
the microprocessor controller 35 sets a head switch recalibration request 
flag indicating that the head switch timing is to be recalibrated. This flag 
may be, for example, a bit that is set in the RAM 43 indicating recalibration 
is necessary. 

Mechanisms for detecting AMs and determining AM misses during 
head switch operations are generally known in the art. These mechanisms 
are augmented by the present invention to include logic for maintaining a 
count of the number of AM misses experienced during a head switch 
operation and logic that determines if there have been a predetermined 
number of missed AMs during a head switch operation. For example, the 
microprocessor 35 may store a count of the number of AM misses in RAM 
43 and compare the count to a threshold stored in RAM 43 or ROM 42. The 
logic further sets a head switch recalibration request bit in RAM 43 if it is 
determined that the predetermined number of missed AMs has been 
reached. Alternatively, the recalibration request bit, the count of missed 
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AMs and/ or the threshold (or predetermined number) of missed AMs may 
be stored in the microprocessor register. 

In addition to the identification of a predetermined number of 
rrussed AMs and the setting of a head switch recalibration request bit, the 
microprocessor controller 35 is further provided with logic for performing 
a recalibration of the head switch timing values for the platter surfaces of 
the disc drive. This logic involves checking the head switch recalibration 
request bit when the microprocessor 35 has an idle cycle. If the head 
switch recalibration request bit is set, the microprocessor 35 sets the head 
switch timing values for all of the surfaces of the disc drive to the center of 
the AM detect search window. The microprocessor 35 then calculates the 
difference between these new head switch timing values and the original 
head switch timing values obtained from the calibration and optimization 
of the disc drive. These original values are stored either in ROM 42 or in an 
adaptive area of the disc drive. The adaptive area is the set of data sectors 
stored on the disc that are read when the drive is first powered up. These 
sectors contain all of the calibration information from when the drive was 
calibrated through the certification process. 

The absolute value of the difference is then compared to a threshold. 
In a preferred embodiment, this threshold is one half of a servo sector time. 
Thus, if the difference is greater than one half of a servo sector time, an 
adjustment to the new head switch timing is applied. In a preferred 
embodiment, this adjustment is the addition or subtraction of one servo 
sector time, based on whether the sign for the difference is negative or 
positive. That is, if the original head switch timing value is subtracted 
from the new head switch timing value, and the difference is a negative 
value greater than one half of a servo sector time, one servo sector time is 
added to the new head switch timing value. Similarly, if the original head 
switch timing value is subtracted from the new head switch timing value, 
and the difference is a positive value greater than one half of a servo sector 
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timing, one servo sector time is subtracted from the new head switch 
timing value. The servo sector timing value may be obtained from 
calibration information, obtained during the certification process, stored in 
the ROM 42 or in an adaptive area of the disc, for example. 
5 Keeping the new head switch timing values within a servo sector 

timing of the original head switch timing values ensures that the head 
switches will always happen on the same AMs that they were set up for 
during the certification process. If the new head switch timing values were 
allowed to be greater than one servo sector timing of the original head 

10 switch timing values, a potential for slipping a servo sector during head 
switches is created and this may cause data integrity issues. Once the 
recalibration is complete, the new head switch timing values are stored in 
their own sector on a disc of the disc drive. 

As a numerical example of the operation of the present invention, 

15 assume that three AMs have been missed during a head switch operation 
and thus, the head switch recalibration request bit has been set. For this 
example assume the nominal AM to AM time is 50 microseconds. At the 
next idle cycle of the microprocessor, the microprocessor will read the head 
switch recalibration request bit and determine that recalibration is 

20 required. As a result of factory calibration, the values for the head switch 
timing values stored on the discs of the disc drive are 30 microseconds 
from head 0 to head 1 and 25 microseconds from head 0 to head 2 
(different values may be used for each head combination). If the AM detect 
search window is 1 microsecond then when performing a head switch 

25 between head 0 and 1 the drive would expect to find the AM on the new 
head between 29.5 microseconds and 30.5 microseconds after the AM on 
head 0. If the AM time on the new head moved to 28 microseconds then 3 
AMs would be missed during the head switch. This would cause the 
recalibration to occur in accordance with the present invention. During the 

30 recalibration the new head 0 to head 1 time would be measured at 28 
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microseconds. The difference between 29.5 microseconds (original value) 
and 28 microseconds (new value) is 1.5 microseconds, which is less than 25 
microseconds (V2 nominal AM to AM time) so the 28 microseconds value 
would be stored as the new head 0 to head 1 head switch time. 
5 The recalibration for a difference of greater than V2 the nominal AM 

to AM time is illustrated in the following example. Again assume the 
nominal AM to AM time is 50 microseconds. This time the factory head 0 
to head 1 head switch time is 49.5 microseconds. If the head switch time 
increased to 51 microseconds it would cause three missed AMs resulting in 

10 a recalibration. During the recalibration the head 0 to head 1 head switch 
time would be measured to be 1 microsecond (51 - 50 microseconds) 
because the head switch calibration always results in a time greater than or 
equal to zero and less than nominal AM to AM time. Since the head 0 to 
head 1 recalibration value minus the reference or factory calibration value 

15 is less than minus V2 nominal AM to AM time, a full nominal AM to AM 
time is added to the recalibration value making it 51 microseconds. This 
will result in the head 0 to head 1 head switch still being associated with 
the correct AM on the new head. As seen from the above exemplary 
results, the new head switch timing value is within V2 of one servo sector of 

20 the original head switch timing value. 

FIGS. 4 and 5 are flowcharts that illustrate a head switch timing 
recalibration process according to the invention. It will be understood that 
each block of the flowchart illustrations, and combinations of blocks in the 
flowchart illustrations, can be implemented by computer program 

25 instructions. These computer program instructions may be provided to a 
processor or other programmable data processing apparatus to produce a 
machine, such that the instructions which execute on the processor or other 
programmable data processing apparatus create means for implementing 
the functions specified in the flowchart block or blocks. These computer 

30 program instructions may also be stored in a computer-readable memory 
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or storage medium that can direct a processor or other prograinmable data 
processing apparatus to function in a particular manner, such that the 
instructions stored in the computer-readable memory or storage medium 
produce an article of manufacture including instruction means which 
5 implement the functions specified in the flowchart block or blocks. 

Accordingly, blocks of the flowchart illustrations support 
combinations of means for performing the specified functions, 
combinations of steps for performing the specified functions and program 
instruction means for performing the specified functions. It will also be 

10 understood that each block of the flowchart illustrations, and combinations 
of blocks in the flowchart illustrations, can be implemented by special 
purpose hardware-based computer systems which perform the specified 
functions or steps, or by combinations of special purpose hardware and 
computer instructions. 

15 FIG. 4 is a flowchart outlining an exemplary operation of the present 

invention when determining whether head switch timing recalibration is 
necessary. The operation shown in FIG. 4 may be performed for each head 
switch operation performed by the disc drive. That is, each head switch 
operation performed by the disc drive is monitored to determine if a 

20 recalibration of the head switch timing is necessary. 

As shown in FIG. 4, the operation starts with a head switch 
operation being performed (step 410). A determination is made as to 
whether the number of AMs missed during the head switch operation is 
equal to or greater than a threshold (step 420). If not, a determination is 

25 made as to whether the head switch operation is complete (step 425). If the 
head switch operation is complete, then the operation terminates; 
otherwise, the operation returns to step 410. If the number of AMs missed 
is equal to or greater than the threshold, the a head switch recalibration 
request bit is set (step 430) and the operation terminates. 
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FIG. 5 is a flowchart outlining an exemplary operation of the present 
invention when recalibrating the head switch timing. The operation shown 
in FIG. 5 is intended to be performed during an idle cycle of a 
microprocessor controller of the disc drive, for example. However, the 
5 present invention is not limited to such and any suitable time for 
performing the recalibration of the head switch timing may be used 
without departing from the spirit and scope of the present invention. 

As shown in FIG. 5, the operation starts with a check of the head 
switch recalibration request bit (step 510). A determination is made as to 

10 whether this bit has been set (step 520). If the bit has not been set, the 
operation terminates. Otherwise, if the bit has been set, the head switch 
timings for all surfaces is reset to the center of the AM detect search 
window (step 530). A difference between this new head switch timing 
value and the original caUbration head switch timing values is calculated 

15 (step 540). A determination is then made as to whether the difference is 
greater than plus or minus one half of a servo sector time (step 550). If so, 
one servo sector time is either added or subtracted to/ from the new head 
switch timing value (step 560). Thereafter, or if the difference is not greater 
than plus or minus one half of a servo sector time, the new head switch 

20 timing values are stored (step 570) and the operation terminates. 

Thus, the present invention provides a mechanism for dynamically 
recalibrating head switch timing values for the surfaces of a disc drive. The 
recalibration of the present invention may be performed at any time after 
the initial certification process when a head switch operation is determined 

25 to have missed a predetermined number of consecutive address marks. 
The recalibration of the present invention ensures that the recalibrated 
values are within a tolerance of the original head switch timing values so as 
to ensure that the head switch operations are performed on the same AMs 
that they were set up for by the certification process. As a result, the 
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potential for slipping a servo sector during a head switch operation is 
eliminated. 

The head switch recalibration mechanism of the present invention 
may be embodied in a method, apparatus and/ or computer program 
5 product for recalibrating the head switch timing of surfaces of a disc drive 
in response to a determination that the head switch timing has changed 
significantly from a reference head switch timing. As a method, the 
present invention determines if a head switch timing of the disc drive has 
changed from a reference head switch timing such that a recalibration 

10 criteria is met and performs recalibration of head switch timing values 
associated with each surface of the disc drive if the recalibration criteria is 
met. The recalibration criteria may be, for example, a number of missed 
address marks during a head switch operation. 

The recalibration of the head switch timing values may include, for 

15 example, reading a head switch recalibration flag during an idle cycle of 
the controller and performing the recalibration of the head switch timing 
values if the head switch recalibration flag is set (the head switch 
recalibration flag is set in response to determining that the recalibration 
criteria has been met). The recalibration of the head switch timing may 

20 further include setting the head switch timing values to a center of an 
address mark detection search window to thereby generate new head 
switch timing values, comparing the new head switch timing values to 
original head switch timing values to generate a difference, determining if 
an absolute value of the difference is greater than a threshold, and 

25 adjusting the new head switch timing values if the absolute value of the 
difference is greater than the threshold. The threshold may be, for 
example, one half of a servo sector time. 

The new head switch timing values may be adjusted, for example, 
by adding or subtracting one servo sector time to or from the new head 

30 switch timing values. The new head switch timing values may be stored in 
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a sector on a disc of the disc drive; and the original head switch tinung 
values may be stored in an adaptive area of the disc drive. 

While counting missed AMs during a head switch is the preferred 
method for identifying when a head switch timing recalibration is 
necessary, other methods of determining that recalibration is needed may 
be used without departing from the spirit and scope of the present 
invention. For example, some other methods that may be used may be 
based on the total time required to complete one or more head switches or 
if an error recovery algorithm is needed following one or more head 
switches. The timing method may include determining if the head switch 
time was longer than the normal head switch time for one or more head 
switches in a row. The error recovery algorithm may include determining 
that a preset number of head switches in a row required the disc drive to 
go into error recovery before the head switch was completed. When such 
situations are detected, the present invention may be initiated to thereby 
recalibrate the head switch timing so as to bring the head switch timing 
back into alignment so that errors in accessing data on the disc drive are 
reduced. 

In other embodiments, the AM to AM time may be measured and 
compared to the original calibrated value during each head switch 
operation. Recalibration may be performed if the measured AM to AM 
time is different from the original calibrated value by more than a 
predetermined amount. In this way, a type of "early warning system" of 
sorts is provided that may instigate a recalibration of the head switch 
timing before an actual failure occurs. 

It is important to note that while the present invention has been 
described in the context of a fully functioning data processing system, 
those of ordinary skill in the art will appreciate that the processes of the 
present invention are capable of being distributed in the form of a 
computer readable medium of instructions and a variety of forms and that 



22 



Docket Number STL11223 



the present invention applies equally regardless of the particular type of 
signal bearing media actually used to carry out the distribution. Examples 
of computer readable media include recordable-type media, such as a 
floppy disc, a hard disc drive, a RAM, CD-ROMs, DVD-ROMs, and 
transmission-type media, such as digital and analog communications links, 
wired or wireless communications links using transmission forms, such as, 
for example, radio frequency and light wave transmissions. The computer 
readable media may take the form of coded formats that are decoded for 
actual use in a particular data processing system. 

The description of the present invention has been presented for 
purposes of illustration and description, and is not intended to be 
exhaustive or limited to the invention in the form disclosed. Many 
modifications and variations will be apparent to those of ordinary skill in 
the art. The embodiment was chosen and described in order to best 
explain the principles of the invention, the practical application, and to 
enable others of ordinary skill in the art to understand the invention for 
various embodiments with various modifications as are suited to the 
particular use contemplated. 



